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« Mars Reconnaissance Orbiter
overview
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Mars Reconnaissance Orbiter Science Investigations
'CRISM HiRISE CTX

Context Imager
Visible: 6 m/pixel

Hyperspectral Imager High-res Imager

Visible: near-IR Visible: 30 cm/pixel
18 m/pixel

SHARAD MARCI
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- - ] R Atmospheric profiler
- Temperature, pressure, dust, ice
Radar - subsurface Global weather camera 5-80 km altitude

10 m to 2 km depth Visible - UV: 1 km/pixel



MRO addresses Mars program themes

[ e s cons * “Follow the water”

R - Ancient aqueous minerals — CRISM

- Water-related landforms — HiRISE, CTX
- Subsurface water-ice — SHARAD

- Atmospheric water-ice — MCS, MARCI

“Search for Habitable Zones”
- Minerals indicative of various pH values,
salinity — CRISM
- Aqueous minerals — CRISM
- Landform morphology — HiRISE, CTX
- Evaluate present-day climate — MCS, MARCI
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MRO Science Results in Three Mars Eras

Ancient Mars

Recent Mars

Present Mars




MRO Science Results in Three Mars Eras

Ancient Mars: Wet environments, some habitable




What did we know about
ancient Mars in 2005?

* Ancient Mars (> 3.7 Bya)

— We knew it was wet, but
didn’t know the extent of
different types of wet
environments

Thought that Mars
changed from wet/neutral ¥
pH to dry/acidic

Didn’t understand the
extent of possible
habitable environments

e Recent Mars
e Present Mars




Search for Different Minerals and Landforms that Indicate
Different Processes & Environments

dy ¢

-

ents: cIay | | Lakebeds: sulfate, chloride, carbonate

-

—=— Metamorphism: Phyllosilicates, chlorite,
ca, clays, iron oxides prehnite, serpentine

R

Hot springs: siI




CRISM / JHUAPL / JPL / NASA
False color to highlight minerals




Mawrth Vallis — A Transitional Environment

Al-clay + silica
Acld-altered clay
Fe/Mg-clay in
differing oxidation
states

= Alot of water required

* Environment transitions from neutral to more acidic upsection

» Possibly a habitable location

CRISM /JHUAPL / JPL / NASA
False color to highlight minerals



CRISM mapped thousands of minerals outcrops that must
have formed in liquid water across the planet

@ Phyllosilicates O Silica ] Chlorides O Carbonates
Lots of water Hydrothermal Saline lake Moderate pH

Their sequence in time tells the story of Mars’ habitability
Ehimann and Edwards (2014) Ann. Rev. Earth Plan. Sci.




MRO Science Results in Three Mars Eras

Recent Mars: Ice and Climate Change




What did we know about Mosaic of
Mars Orbiter

recent Mars in 20057 - Camera images

 Ancient Mars

e Recent Mars

— Polar cap layers,
bottom?

— Mid-latitude ice a
possibility, but not
certain

e Present Mars

MOC:

NASA/JPL/Malin
Space Science HiRISE images:
Systems NASA/JPL/University of Arizona



SHARAD detections of Layers in the NPLD
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Many SHARAD tracks enable a 3D view of the

North Polar Cap
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Australe Mensa
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MRO Science Results in Three Mars Eras

Present Mars: Unexpected Changes




What did we know about
present Mars in 20057

 Ancient Mars
e Recent Mars

e Present Mars

— No liquid water on Mars
today

— Dunes, perhaps frozen from
some ancient time

— Formation of gullies

— Vertical distribution of dust
and water-ice unknown

— Current impact cratering
rate

— Polar cap formation - CO,
frost or snowfall

Credit: MSSS / JPL / NASA



Mars Is Dynamic!

Martian Landscapes in Motion

>
Dunes ™ -

Dune Gullies

Dust Devils : )
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Polar Pits
RSL
Robots

North Polar

South Polar
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(monitored by MRO/HIRISE)
Credit: HIRISE / University of Arizona / JPL / NASA




RSL =
Recurring
Slope Lineae

McEwen et al., Science (2011)
Credit: HiRISE /
University of Arizona / JPL / NASA




RSL: Hydrated Perchlorate found by CRISM

 Discovery of hydrated perchlorates (salty water or perhaps watery salt)
« Deliguescent -> easily takes up water from atmosphere

» Decrease freezing point down to -70 C

McEwen et al., 2011, 2014
Ojha et al. 2013, 2014, 2015
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Credit: HiRISE / University of Arizona / JPL / NASA



Windy Mars

Dune motion
observed globally

Black = active

White = no activity
observed (yet)

Credit: HiRISE / University of
Arizona / JPL / NASA
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New Impact craters

HIRISE follows up on potential crater alert
Credit: University of Arizona / JPL / NASA




Atmospheric Profiles: Daily Global Sampling

~.(Google

Credit Arwin Kleinbdhl and MCS Team



Recent MARCI global weather map

North polar cap residual water ice

Local dust
Credit: MSSS /JPL / NASA storms




CO, Snow Clouds and Surface Snow: South Pole

South Polar Winter: Ls = 0-1

Credit Paul Hayne & MCS Team
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« Support of other missions



Support of other missions:
Science

MRO science
Interpretation suggests
landing locations

S0 KM
|




Support of other missions:

Landing site selection, characterization, certification

HiRISE / UA /JPL / NASA

Search Boxes
A) 65-72N, 250-270E
B) 65-72N, 120-140E _1| : .
C) 66-72N, 65-85E - o ol ¢ . : ¢
D) 65-72N, 230-250E { b e RN S

Landing Site Search:
GRS Dry Layer
Thickness ;

gicm~2

Cokarized data tar areas belry -3500m
Aevation are shown At (0% sparity over
MOLA-derived shaded rel &f wit1 illuminatizn
frzn e right at a 45 degree argle ahove the
harizon.

Tapegraphic cehtours are cetvec fror 128 plx/deg
MOLA datz ard are showr I Inte-vals of 500 mezers

Kim Deal; Wash ngtan | live sity in S | cis; ©oeal

xstart: 5619
Ystart: 6078




Support of other missions:
Entry, Decent, and Landing

MSL/Curiosity
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Mars Reconnaissance Orbiter

3Y THE NUMBERS

1 YEARS
N orpit

45,000;

landing site

SCOUL
“=7MARS

263 &5 stmes

\ P - MISSIONS

MILLION
956 Vi ES J < 216,000+
traveled since launch iImages taken

mars.jpl.nasa.gov/mro
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